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ABSTRACT

Intensive shrimp culture farms in Tajwan are typically small (3.9 ha), family operated, and
profitable. They are also energy intensive, primarily for artificial aeration and water exchange.
Shrimp stocking densities average 34 24-day-old postlarvae (PL 24) per m? with 75% survival,
31.5-g harvest size, twocrops per year, and average yields of more than 11,000 kg/ha/year. Average
feed conversionis 1,7, witha feed priceof $0.88/kg. Seed and feed costs account for 64%% of operating
costs, Profits on well-run farms with concrete walls should exceed $16,000/ha/year. Simulated
transfer of such farms to Hawaii results in profit losses of -$11 .891/ha/year for earthen ponds and
-$31,900/ha/year for concrete-walled ponds. High labor and energy costs in the United States,
compared with Taiwan, account for most of the loss in the United States. A modified Taiwan
technology, which isappropriate to the United States and reduces labor and energy costs, might make
U.S.-grown shrimp competitive on the world market. Reduced labor and energy consumption could
be achieved through improved farm and equipment design; improved water quality management
based on pond dynamics principles and objective water exchange criteria; and the application of
microcornputers to pond monitoring and management. Additional profits will occur if seed and feed
costs can be reduced.
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INTRODUCTION

The United States imports well over $1 billion worth of marine shrimp products annually,
more than any other nation, despite the fact that the United States is the world's fifth largest producer
of marine shrimp. The ner importation into the United States is likely to continue for the foreseeable
future because production of shrimp in the United States is not likely to meet demand (Lawrence,
Johns, and Griffin 1984). Shritmp produced in the United States come primarily from trawler fleets
in the Gulf of Mexico. This fishery for shrimp is at or near its maximum sustainable yield. and
production of shrimp from the Gulf of Mexico is not likely to increase.

Hawaii, like the United States as a whole, is a net importer of marine shrimp. Hawaii imports
about 3 million pounds annually, which is worth about $15 million {(Macaulay, Samples, and Shang
1983; Wiles 1984). Although there is an emerging shrimp asquaculture industry in Hawaii, shrimp
currently grown in Hawaii are not cost competitive with imported shrimp, Locally grown shrimp
primarily satisfy a pocket or specialty market for fresh, whole-bodied shrimp.

On a global basis, the world's marine shrimp fisheries have stabilized a1 about 1.7 million
metric tons (Asian Development Bank 1983). Like the situation in the Gulf of Mexico, the world's
catch of shrimp from the wild is thought to be at or near maximum sustainable vield. There are not
likely to be any major increases in the number of shrimp captored from the wild.

In 1985, wild-caught shrimp, on a2 worldwide basis, comprised more than 90% of all shdmp
produced, with less than 10% of the shrimp being cultured in ponds (Lawrence 1985). This situation,
however, is changing rapidly. Aquacultural production of marine shrimpisincreasing ata phenome-
nal rate, especially in South and Central America, mainland China, and Southeast Asia (Lawrence
1985; New and Rabanal 1985). If this increase continues, it is most likely that pond-cultured shrimp
not only will accommodate all increased consurption of shrimp but also will start to decrease prices
through oversupply and thereby displace wild-caught shrimp production in the process.

Shrimp pond production data from Ecuador and Taiwan illustrate the increases in pond-
cultured shrimp production which have begun worldwide. Pond-produced shrimp in Taiwan,
primarily tiger prawn, increased from 61 to 45,000 metric tons between 1968 and 1986, with the
greatest increase occuming after 1980 (Table 1). Likewise, in Ecuador, pond-cultured shrimp
productionincreased from 1,170 to 30,205 metric tons between 1976 and 1985. Taiwan and Ecuador
together accounted for about 38% of the world’s cultured shrimp production during 1984, when
estimated world production of cultured shrimp was 134,000 metric tons (Lawrence 1985). These
shrimp production increases are occurring in many tropical countries, with Taiwan and Ecuador as
wo of the leading countries due to their development of a critical mass of production and support
components for their shrimp culture industries.

The motivation for shrimp cuiture is driven by economic factors, but it is made possible by
technological breakthroughs in culture techniques. One of the first major breakthroughs was the
maturation and spawning of a marine shrimp in captivity by Hudinaga (1942). There are about a
dozen species of shrimp which are or can be matured and reared in captivity on a Jarge scale. Of these
Penaeus monodon, P. vannamei P_ | ndicus, P. merguiensis, P. orientalis, and P. stylirostris are by
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TABLE 1. POND PRODUCTION OF MARINE SHRIMP IN TAIWAN
AND IN ECUADOR BETWEEN 1968 AND 1985

Taiwan Ecuador
Year Production Production
(metric tons) (metric tons)

1968 61 N/A
1969 6% N/A
1970 73 N/A
1971 76 N/A
1972 112 N/A
1973 119 N/A
1974 140 N/A
1975 150 N/A
1976 270 1,170
1977 1,100 1,350
1978 1,556 4,215
1979 4,123 4,698
1980 5,000 9,180
1981 6,000 12,100
1982 8,000 21,500
1983 15,000 35,600
1984 18,000 33,600
1985 30,000 300,205
1986 45,000 N/A

Source: Data from Chiang and Liao(1985), Liao (1987), and Anonymous
(1587)

far the most important cultured species. Hudinaga's breakthrough was followed by improvements
in shrimp seed production, as well as production of seed from many species of shrimp (Primavera
1985). After seed production technologies developed, there were breakthroughs in feeds and other
aspectsof shrimp culture. These advances, which continue, are often country or region specific, This
has led 1o the emergence of avariety of shrimp growout approaches. Each approach has its limitations

and advantages.

Most cultured shrimp are still produced in relatively primitive growout systems. These
systems, known as gxtlensive growout systems, are characterized by large ponds with very little
materials, energy, or cost inputs (Table 2). Extensive growoutis also characterized by low yields of
shrimp per unit area. In places where land, labor, and shrimp seed are abundant and inexpensive, this
type of shrimp aquaculture may be quite profitable (Hirasawa 1985). Most growout systems in

Ecnador and Southeast Asia are extensive.



Inplaces where land and labor are expensive, intensive culiure systems have evolved. These
systems are characterized by small pond size, high feed and energy inputs, continuous management
attention. and high yield. These intensive growout systems have primarily evolved in Taiwan and
Japan {Hirasawa 19%5).

TABLE 2. CHARACTERISTICS OF MARINE SHRIMP CULTURE AT THREE LEVELS OF
INTENSITY

Level of Intensity

Characteristic

Extensive Senm-intensive Intensive
Production Level 100 1o 500 500w 4,000 5,000 to 15,000
(kg/ha/yr)
Stocking Rate 0.1t LD 1o 10 20 or more
(stock no./m’/crop)
Feed Natural Natural + Formulated

Supplement

Water Exchange For evaporation 1% 10 15% 10% to 100%
(%/day) and seepage replacement

{often by ridal exchange)

Pond Size >5 lto2 1 orless
(ha)

Supplememal None Some for emergencies Continual
Acration mechanical

and flushing

Source: Modified from Apud, Primavera, and Torres 1983

In Japan, intensive shrimp culture using the Shigueno system has concentrated on production
of Penaeus japonicus(Shigueno 1985). This is a cool-water pe naeid which demands avery high price
in Japan. It also requires special culture techniques, such as a clean sand bottom and high-energy
inputs for water circulation and aeration. Usin g this system, standing crops of 3.5 kg/m® and yields
of 35,000 kg/crop are possible (Kurata, Yatsuyanagi, and Shigueno 1980). These high-energy inputs,
plus the relatively slow growth of this species, make its culture marginally profitable at times even
in Japan, The profitability of the Shigueno system Is closely linked to the cost of energy.




More recently, an ultraintensive shrimp culture system was developed in the United States
inittally through research efforts of the Coca-Cola Company and the University of Arizona. This
system, relies on covered raceways, very high water exchange rates, and pure oxygen injection,
Shrimp densities of 4 kg/m? or more are common, with occasional live weight standing crops of
70,000 kg/ha (Liao 1985; Colvin 1985; Salser, Mahler, Lightner, Ure, Danald, Brand, Stamp, Moore,
and Colvin 1978). The economic feasibility of this system 1s still under evaluation.

In Taiwan, intensive shrimp culture has concentrated almost entirely on production of
Penaeus monodon. P. monodon is known as the grass prawn in Taiwan, while elsewhere it is
commonly known as the giant tiger prawn, sugpo, or black tiger prawn (Figure 1). 1t will be referred

to as the tiger prawn in this report.

Tiger prawns in Taiwan are usually cultured in earthen ponds with either concrete or earthen
dikes. Production levels in these ponds can be very high. The countrywide average for Taiwan
intensive culture systems during 1985 was about 5,000 kg/ba/year, with some farms exceeding
20,000 kg/hafyear (Chiang and Liao 1985). Fromall accounts, these tiger prawn farms in Taiwan are

profitable.

Figure I.Tiger prawn {Penaeus monodon) at harvest. This specimen weighed about 32 g.



Although the Taiwan intensive culture system seems to work well in Taiwan, there have been
few documented cases of this technology being used elsewhere with as high a yield or as much profit.
The most notable exception is the farm operated by the San Miguel Corporation on Negros Island
in the Philippines. At the time it was built, this model farm demonstrated a direct rransfer of the best
available Taiwan intensive culture system technology for tiger prawns. Production from this farm
wis projectedat 10,000 1o 13,000 kg/ha/fyear (9,200 1o 12,000 Ib/acre/year), with best case estimates
of 24,250 kg/ha/year (22,250 Ib/acre/year) (Veloso 1984; Liu and Mancebo 1983). The average
production yielded a net profit of $15,802/acre/year with production costs and selling prices of $1.65/
1b and $3.27/1b for whole shrimp respectively.

The tiger prawn culture industry in Taiwan is of considerable interest to those associated with
the development of appropriate shrimp aquaculture technology for the United States. There is
concern that the United States is not producing marine shrimp on a competitive basis with foreign-
produced shrimp and that the United States is not developing appropriate shrimp culture technology.
Appropniate shrimp culture technology for the United States is defined as technology which will
allow the United States to produce shrimp, with all the specific constraints for commercial shrimp
culture inthe United States, on a cost-competitive basis. This is not happening now nor isthere aclear
trend thatit will happen soon, despite the optimism and persistence of the pioneersinthe U.S. shrimp
culture industry.

The reason Taiwan shrimp aquaculture technology has caught our interest is that it seems to
be relevant to some of the more important economic constraints in the United States. Land costs are
high o Taiwan, as they are in the United States. Production systems that maximize production per
unit land area should be appropriate to both areas. Seed, feed, and other aspects of shrimp production
in Taiwan are relatively sophisticated; all of which the United States should be able 10 master.
Although laber costs and other aspects of shrimp culture in Taiwan differ substantially from
conditions in the United States, there are enough relevant aspects to evaluate the possible transfer of
this technology to the United States, in particular to Hawaii.

Although the basic elements of the Taiwan intensive shrimp aquaculture system are known,
there is insufficient information in the literature to determine the potential profitability of these
operations in Hawaii, Although shrimp farmers in Taiwan apparently do quite well, it is not known
if they would do as well if their farms and technology were transferred 1o Hawaii. Economic and
social conditions are sufficiently different to make the economic viability of these operations in
Hawaii questionable. In order to answer the question of profitability in Hawaii, these farms must first
be described in more detail, then an economic analysis of these farms needs to be conducted. Next
a simulated transfer of these farms to Hawaii must be done, and the economic analysis repeated.
Lastly, the economics of shrimp culture in Taiwan and Hawail need 10 be compared, and improve-
ments to U.S. technology must be determined in order to lower production costs in the United States.

This exercise, at least in part, is a process for helping direct future research efforts. By
focusing attention on the few critical items which are affecting shrimp culture profitability in the
United States, it is hoped progress toward the U.S. goal of self-sufficiency will be accelerated.
Indeed, it is necessary to know whether self-sufficiency is attainable at all,



OBJECTIVES

The purpose of this study is to determine if the Taiwan intensive shrimp culture system can
be transferred to Hawaii, retaining profitability in Hawaii comparable to that in Taiwan. Specific
goals and objectives include the following:

1. Todocument the Taiwan intensive cullure system formarine shrimp, including: pond
construction, pond layout; pond management techniques; farm sizes; labor; shrimp
species used; shrimp stocking densities; feeds and feeding practices; water exchange
rates; water salinities; aeration techniques and equipment; shrimp growth rates:
shrimp production rates; growing seasons; water lemperature effects; and other
factors of importance to the performance of this culture system.

2 To evaluate the economic viability of this system of shrimp culture in Taiwan.

3. To simulate a shrimp growout facility in Hawaii, based on direct transfer of the
Taiwan method, and evaluate the economic viability of the simulations.

4. Tocompare the economics of shrimp culture in Taiwan and Bawaii to see which items

account for the principal costs and which items most affect profitability in each place.
These comparisons will identify problem areas that may exist in U.S. shrimp culture
and give direction to future research and development efforts.

5. To publish and extend this study’s findings so that they are available to the U.S.
shrimp aquaculture industry and shrimp aquaculture researchers in the United States.

METHODS

Between September 16 and 21, 1985, an in-depth survey of 11 intensive shrimp farms in the
vicinity of Tungkang and Kaohsiung was conducted. This region of southern Taiwan has the greatest
concentration of intensive shrimp growout facilities (Figure 2). The farms were selected torepresent
some of the more efficient and profitable operations because this study was mainly interested in
information on well-run, profitable farms.

A prepared survey form was to be used to gather information from the farmer. However, after
the first few interviews, it became clear that all of the information originally hoped for could not be
obtained, but enough of the most important information was gathered. The form served as a useful
guide but was not used in its entirety.

Most of the farmers either did not speak English at all, or not well encugh to answer all of
the questions. For that reason, either Peng Dah-Ding of the Chinese Cultural University or an
employee from the Tungkang Marine Laboratory acted as interpreter at each interview,

The interviews ranged from 1 10 4 hours each. Each interview was preceded by a tour of the
farm, in which ponds, wells, pumps, aerators, feed storage facilities, etc., were inspected.

Questions were asked regarding production estimates so that to some extent the values given
could be cross-checked. All estimates were not verified in this way, but based on this approach



#2(|)'E |2I2'
STOCKING DENSITY:
o BELOW 10 PLs/m?
010-30PLs/m® = _— .
® ABOVE 30 PLs/m?

Keelfung

TAIPEI -
a

—{2a°
TA/WAN

—22°N

Figure2. Map of Taiwan showing location of farms by stecking density. Data from Chiang and Liac
{1985).




information with major discrepancies was disregirded. This was a somewhat subjective method, but
it is believed the resulting production values are more accurate. Some information, such as the
amount of time that the water pumps were operated, was almost impossible 10 gather because the
farmers did not scem to pay much attention to this. When asked, invariably the response was “as
needed.” In these cases, the literature was used to obtain the information. In other cases, especially
concerning individual profits, the farmers were reluctant to disclose such information. In these cases,
either an estimate based on the information they did provide, on literature values, or on commonly

known market values was used.

Most of the assumptions made for the economic analysis are listed in the “Economic
Analysis™ section. In addition, for the Hawaii projections, it was assumed that the shnimp industry
has grown to a size where comparable levels of competition and services are available. Specifically,
it was assumed that the growth of the industry in Hawaii would result in delivery of quality feeds at
Taiwan prices to the farmer; a processing and marketing component which would purchase the crop
at pond-side at world pond-side prices for processing into frozen block; a hatchery/nursery
compuonent which would produce 20-day-old postlarval shrimp seed at Taiwan prices; and supply
houses which would provide various necessary materials to the farmer. In Taiwan, few farmers had
electronic water guality monitoring equipment or vehicles. The same situation was assumed for the
Hawaii economic analysis. An average number of 2.0 crops in Taiwan and 2.5 in Hawaii were
assumed. This assumption reflects the finding of the survey of Taiwan shrimp farms and experience
in Hawaii. Pond water temperatures are higher in Hawaii and thus allow 12-month growout, although
growth is slower during the winter than during the wariner months,

The currency exchunge rate during the survey was $40 (New Taiwancse (NT.D) o $1.00
(U.S.}. This same exchange rate was used for the economic analysis, although more recently (1987),
the exchange rate has fullen sharply to $30 (N.T.)/$1.00 or less. The effect of this revaluation on
shrimp culture economics in Taiwan is complicated and beyond the scope of this analysis. Perhaps
a period of currency stabilization will be necessary before the full impact of a new exchange rate can
be measured. Unless otherwise noted, all dollar amounts used in this report are in U.S. dollars.

A common unit of weight measure in Taiwan is the Taiwan kilogram, which is equivalent to
0.6 standard kilograms, The standard kg (1,000 g) was used throughout this report. Tonsin this report
are metric tons, equivalent to 1,000 kg

RESULTS AND DESCRIPTION OF TAIWAN SHRIMP FARMS

The 11 intenstve culture Penaeus monodon farms that were visited appeared 1o be represen-
tative of the more successful farms of this type. The farms were typically small, family-run
operations. The number of ponds perfarmranged from iwo 0 12, with an average of seven (Table 3).
The pond area per farm ranged from 0.4 10 14 ha, with an average pond area per farm of 3.9 ha (9.4
acres). In many cases, the farms had previously been used to grow milkfish (Chanos chanos) or eels

but ha_d been converted 1o tiger prawn culture within the past 4 1o 6 years duc to greater profit
potentials,
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The data shown in Table 3 is from the farm summary forms in Appendix A, These forms are
2 summary of some of the information gathered from the farmers,

Land Costs

Land costs are generally high tn Taiwan but vary greatly depending on location and
conditions. For shrimp farming, nearness to the ocean; availability of both freshwater and seawater:
access and utilities; and the subsidence rate of the land have major influence on land price. Land
subsidence is a major concern and is a recent development caused by overdraft of the groundwater
resources by shrimp farms. These farms pump large volumes of fresh-, brackish-, and seawater from
the ground at a rate greater than the recharge.

During the survey, farmers indicated raw land costs for farm sites may range from $50,000
to $200,000/ha. Probably the most likely cost for land in an area which was not sinking was hetween
$100,000 and $120,000/ha. By contrast, farm 6, which had about 4 ha of 1and (3.5 ha of ponds) but
was sinking at a rate of 20 cm/year, had recently sold for $342,000 including improvements.

There are efforts underway to develop other more salt-tolerant shrimp species for intensive
culture to reduce overdraft of groundwater,

Water Depth

Average water depth was 1.7 m (5.6 ft) (Tabie 3) and ranged from 1.2 t0 2.0 m. Many of the
farmers indicated they operated their ponds at shallower depths (e.g., 1 m) in the past, but they had
1o increase pond depth as they intensified their production. None of the farmers could explain the
underlying pond dynamics principle behind the need for greater pond depth during intensification,
but all were certain of the need for greater depth. When asked why a greater depth was necessary,
the answer was usually: “better production” or “by experience.”

Several farmers indicated they kept watcr depth at about 1 m when postlarvae were stocked
but gradually increased the depth during growout. Again, there was no principle given, other than
this gave better results.

It must be concluded that the experience of the Taiwanese prawn farmers is valid and that
deeper ponds do give more reliable production and greater yields than do shallow ponds, even though
the underlying reasons for these effects are not known. It remains to be seen what pond dynamics
processes are involved and whether even deeper ponds (e.g., 5 m) would give even better results.

Deep ponds are considerably more costly to construct than shallow ponds and almost

certainly more costly to maintain and operate as well. Deeper ponds have more water to aerate and
exchange at a greater energy cost.
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Pond Construction, Construction Costs, and Bottom Types

Eight of the 11 ponds had concrete banks or sidewalls, while three had soil banks (Table 3).
Descriptions of some of the concrete walls are given in Appendix B.

The main reason for the concrete dikes is to conserve land area, because Jand is expensive and
land parcels are often small. With a concrete wall, virtually the entire plot of land can be used for pond
production. A soil bank, with slopes of about 1:2 or 1:3 and a berm width of about 3 to S meters, would
use alarge amount of the land area. When small, deep ponds are involved, this would not leave much
bottom area for growout. With small plots, small ponds, and soil dikes, perhaps half of the potentially
usable land area would be taken up by berms and banks, while with concrete dikes the amount taken
up by berms and dikes might be about 5%.

Earthen construction and pond maintenance costs of earthen ponds are quite low in Taiwan.
Farmer 3 indicated it only cost $1,500 to excavate three ponds with a total pond area of 0.8 ha
(Figures 3and 4; Appendix A). This isequivalent 10$1,875/ha or $781/acre, with pond sizes of about
0.25 ha (0.6 acres). Yearly maintenance on the dikes and bottoms of a 0.8 ha pond was only $150,
Farmer 5, who used large earthen ponds, indicated his excavation costs were only $1,250/ha
(Figure 5; Appendix A).

By comparison, construction costs for concrete-walled ponds are quite high. Most of the
farmers who used this pond construction indicated if they had it to do over again, they would find
a location where land was less expensive and build their ponds larger, using soil dikes instead of
concrete. Farmer 2 estimated it would cost him $125,000 to build 1.5 ha of concrete-walled ponds
in 1985 (Appendix A). This amounts to $83,333/hafor 0.33 ha-sized ponds. It is estimated more than
$139,650/ha is required to build a0.25-ha sized walled pond in the United States, with concrete wall
construction costs of $255/m (see “Economic Analysis” section; Appendix B). Wall construction
costs in the United States, based on the Taiwan wall designs, ranged from $179 to $412/m.
Comparable cost estimates for these same walls as built in Taiwan are not available.

Mostof the ponds had natural soil bottoms, although several of the farmers imported clay soil,
and/or sand to layer the natural soil. Some farmers felt a sand layer was desirable, although these
farms did not seem to perform much better than the ones with natural soil. The clay soil may have
been imported to control seepage rather than to provide an improved substrate for the prawns.
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Figure 3. Earthen-walled ponds at farm 2, An air supply pipe is seen on top of the dike.
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Earthen-walled ponds atfarm?2. Concrete steps lead into the pond. Note erosion of banks.
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Figure 5. Earthen ponds at farm 5.

Water Supply

Most farms had at least two well systems, one freshwater and onc saltwater (Figure 6). The
farms located within a kilometer or so of the ocean would typically sink a well near the beach orrun
apipe out into the ocean with the intake covered with sand/gravel and then pump the seawater to their
farms (Figures 7 and 8). Some farms had open pipe intakes in the ocean, but this was the exception.
Most farms also had a freshwater well, which was sunk vertically on the property, away from the
occan. The freshwater well depths ranged from 20 to 150 m.

Some of the farms took their water from a canal orriver. In some cases, this provided adequate
salinity control, while in other cases (e.g., farm 8, Appendix A) it was inadequate. Farmers who used
canal or river water would sometimes do so by gravity flow without pumping.
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Figure 6. Seawater wells at farm 1. The intake extends out under the ocean in background,
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Figure 7. Seawater supply pipes leading from the wells near the ocean to many farms inland. Pipe
diameters are typically 11 cm (4 10 5 inches).
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Figure 8. Seawater supply wells on the beach near farm 6. The pipes angle our under the beach.

The number and size of weils per farm varied from two wells and 7 horsepower (hp) at farm
310 11 wells and 60 hp at fanms 10 and 6 respectively (Appendix A, Table 3).

The average water pump hp per farm was 25, with an average ratio of pump hp to pond area
of 6.4 hp/ha (2.7 hp/acre).

Salinity

Salinity control is considered very important and is the teason for the development of
freshwater and seawater wells. Tiger prawns apparently grow best within a salinity range of 15 t0 20
ppt, although their temperature/salinity growth response has not yet been quantified. Farmers
adjusted salinity by adjusting the pumping rates from their various wells. They measured salinity in
the ponds and from the wells with hydrometers. When multiple wells were involved, each with

17



different salinities, and weather and pond conditions were considered, balancing pumping fromeach
well could be complicated. This could explain in part the farmers’ inability to give specific dataon
their pumping schedules.

Water Pumping Schedule

None of the farmers kept records of their pump operations nor did they seem to have any
recollection of how often the pumps ran per growout cycle. The usual response to questions about
pump operations was: “based on experience.”

Farmer 6 indicaied he pumped water to control the water pH. He said pH would rise
throughout the growout even with pumping, from perhaps 7.8 for the first 45 days of growout to about
8.0 during the last portion of growout. The rising pH was undoubtedly a response of increased algal
production as greater amounts of feed were applied.

Most farmers indicated they pumped more water during the last part of growout. They might
exchange no water during the first months but much more during the final month.

As a rule of thumb, average water exchange rates of 10% per day per crop are generally
accepted as standard practice under Taiwan intensive culture. This has not, however, been well
documented nor has the schedule been defined as a furction of shrimp size or water quality. Water
exchange rates as high as 100%/day have been reported (Hirasawa 1985). Water exchange may be
used to remove excess metabolites; to keep algae healthy and producing ample oxygen; and
increase pond temperature during the winter when groundwater temperatures are greater than
surface-water temperatures. As yet, the relationship between water exchange and shrimp production
potential has not been quantified.

While high water exchange clearly can greatly increase the production capacity of a growout
pond, there is a significant costinvolved. Pumping cost considerations are discussed in Appendix C.

Aeration

All farmsrelied heavily, and almost exclusively, on paddlewhee! aerators for aeration of their
prawn ponds. (Figures 9 and 10). Most farms used the 1 hp models, although some farmers replaced
the T hp motor with a 2-hp motor after the | hp motor bumed out. Motor bumouts were part of routine
operation, but they could be accelerated by a partial sinking of the pontoons due to leaks orbiofouling.
This partial sinking would cause the blades to dip deeper, causing the motor to work harder and bum
out faster. Replacing the bumed-out motor with a larger motor alleviated this problem. Motor -
burnout can also be partly avoided by using an amp meeter with each aerator, so the current draw can
be monitored. Some farmers used 2-hp paddlewheel aerator models, but these represented less than
25% of the aerators in use.

The typical construction of the paddlewheel aerators was: plastic floats (two or three), 2 :

motor and gear reduction box mounted on a stainless steel, angle iron (paddle speed is about 100
rpm); two solid stainless steel axles coming out of the gear reduction box and resting on a block of
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Figure 9. A 1-hp paddlewheel aerator. The impellers

(paddie wheels ) are welded into one piece. The
floats are plugged PVC pipes. All exposed metal ports are stainless steel.
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Figure 10. A I-hp paddlewhee! aerator in operation. All exposed surfaces are covered by a thick
layer of algae.

wood or plastic/bronze bushing at the end of the frame; a rubber universal jointnear the gearreduction
box on each axle; and a paddle wheel (impeller) on each axle. The paddie wheels were generalty one
piece of welded stainless steel. Some plastic impellers were seen, but these were inferior and prone
1o breakage. Plastic impeliers have since improved and are now more commonly used. There are
many small manufacturers of paddlewheel aerators throughout Taiwan, but most are the same basic
design. The cost of a 1 hp mode! in Taiwan is about $300.

The total aerator horsepower per farm averaged 28 for the farms surveyed. This amounts to
10.0 hp/ha (4.2 hp/acre).

Almost all farmers use the same aeration schedule. During a 3-month growouit, they seldom
aerate during the firstmonth unless itis cloudy or the shrimp seemto be in distress. During the second
month, the aeratorisrun every night from about 10:00 p.m. to dawn and when it is cloudy orotherwise
needed during the day. During the third month, the aerators are run continuous.
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Some farmers said they based their aerator operation on shrimp size (or indirecdy on feed
input rate). Their schedule was to aerate at night when the shrimp were small (less than 20 g) and
continuousty when the shrimp were large (greater than 20 g). They would also aerate on cloudy days
or “as needed” even when the shrimp were small.

Farmers prefer to use at least two aerators per pond and to position them so that the water
currents in the pond are circular. That is, the water flow is highest around the pond bank, with the
lowest currents at the center of the pond. This promotes the settling of organic matter in the center
of the pond. Ponds with a centerdrain may remove some of this material more easily, but in any event,
the bottom area around the banks tends to remain relatively clear of chemically reduced organic
sediments, while the pond center accumulates these sediments. When the pondis drained, a common
observation 15 a black sediment (reduced materials) in the pond center and a brown sediment
(oxidized materials) around the periphery.

Shrimp are thought to avoid anaerobic, reduced sediments. Therefore, aerator operation
creaies not only suitable oxygen concentrations in the pond water but also desirable sediment
distribution patterns as well.

If feed settles on the reduced sediments, it might not be as readily found and/or caten as feed
applied on oxidized sediments. Feed which is thrown into the pond from the bank will normally settle
near the bank and onto the oxidized sediments.

If organic matter are allowed to settle evenly throughout the pond, most likely the entire
bottorn would develop a layer of reduced, black sediment. As described above, the aerators can
prevent this and maximize the amount of well-oxidized bottom area.

Monitoring

Only two of the 11 farms had dissolved oxygen (DO) meters {Appendix A). Even these two,
however, did not rely on the meters to make acration, water exchange, or other water guality
management decisions. Instead, the farmers relied on such things as water color and appearance,
shrimp size and biomass, shrimp behavior, and other subjective factors when making pond
management decisions.

Farmer 6 (Appendix A) used water pH as a criterion todetermine water exchange rate. During
the first 45 days, if the pH exceeded 7.8, the farmer would pump water into the pond untl the pH
dropped below 7.8. After 45 days, the farmer pumped water to maintain a pH of 8.0 or less. During
growout, the increased feed inputs accelerated photosynthesis and as a result caused pH increases.
This was the only farmer who used this approach.

In addition to the observational inputs to decisionmaking noted above, farmers also
occasionally relied on outside laboratory analysis. Some commercial laboratories provided “free”
analysis in return for business generated from sale of chemicals needed to remedy pond ills. The
Tungkang Marine Laboratory also provided analytical services.
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Bottom Mainlenance

Botiom condition and maintenance were considered important by most farmers. The
preferred method of maintenance was toremove the accumulation of black organic materials which
had accumulated during growout. These reduced substances are most likely a combination of shrimp
wastes (feces); uneaten food; dead plankton; and fine organic and inorganic bottom materials
suspended by the currents generated by the aerators and rescttled as discussed above. In ponds with
circular currents, these matcrials settled and accumulated in the center of the pond.

After the final drain harvest the farmer would either flush this black material down the drain
using a pressurized water hose or partially refill the pond with water and use a floating suctiondredge
1o remove these accupmulations. Whena dredge was used the farmer contracted with individuals who
specialized in this service. The cost was about $63/0.25 ha (farm 8, Appendix A). Once the materials
were removed, the pond was allowed to sun dry for about 2 weeks. If it doesn’train, this is sufficient
lime to oxidize most of the surface materials and cause the bottom to crack. After the pond bottom
dried, lime was applied to those areas which still had some organic accumulations. In most cases,
powdered agricultural lime (CaCQ,) was used, although a few farmers reported using quick lime
(Ca0) or slaked lime {Ca(OH),). The latter two are much more caustic and stronger oxidizing agents

than powdered agricultural lime.

Lime applications rates varied. Inmost farms w ith dry ponds that were observed, the lime was
applied in specific areas only, such as around the drain or in other “dark soil” arcas (Figure 11). One
farmer said he used a standard application rate of 100 kg CaCO,/0.1 ha and applied “enzymes” tothe
soil (farm 3, Appendix A). No other information was discovered about the enzymes, but they are

available from supply stores.

There is no evidence of acid soil problems, which are common elsewhere in Southeast Asia.
Even if the soils were acidic in some cases, the high water flushing rates during growout would tend
1o leach out the acid.

Chemicat Use

The most prevalent chemical used in Taiwan shrimp farms is agricultural lime (CaCQO,). This
is used primarily to treat pond bottoms between crops, as disc ussed in the “Bottom Maintenance”
section. Some farmers also used slaked lime (Ca(OH))) or quick lime (CaQ), but these are less
commonly used due to their more caustic properties.

Some people said organo-copper compounds are used to control algae and to promote shrimp
molting, but this was not observed. However, bags of copper sulfate (CuSO,) were seen in
commercial analytical laboratories, and it is likely that some farmers do use these compounds -
occasionally. '

Teaseed cake is another chemical used by farmers to control fish intruders. At the proper -
concentration, teaseed cake is very effective at fish removal without ill effect on crustaceans '
(Minsalan and Chiu 1986).
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Figure 11. Concrete-walled ponds at farm 2, Lime has been spread on the dried bottom. The outlet
pipes are on the ripht.

Stocking Size, Density, and Seed Source

On the average, farmers stocked 24-day-old postlarvae purchased from a commercial n ursery
(Table 3). Some farmers purchased PL5 and nursed these themselves or stocked them directly into
growout ponds. In most cases, even farmers that had hatchery and/or nursery capabilities discontin-
ued this practice for economic reasons. During 1984, PL5 cost had tumbled due to the large number
of hatcheries and improved mawration/larviculture technology (Chiang and Liao I985). P15 costs
reached a low of less than $3/1,000 during 1985, By comparison, the cost of nursed PL20 to PLA40
was about $40/1,000, but most farmers felt this was a fair, competitive price. The consensus was that
there was a high mortality raie between the PLS and PL20 stage, plus the nursery operation was
specialized, in addition to requiring more land and labor.
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A few commercial nurseries were visited in the course of the study, but these visits were brief
and outside the scope of this study. What was obvious from these short visits was the great care that
the nursery operator takes in bottom preparation. All nursery ponds had a layer of coarse, black
basaltic sand which had been imported to the farm. Between crops, the sand was washed clean with
a garden hose and the bottom rolled flat with a lawn roller.

In almost all cases, the hatchery (maturation/larviculture), nursery, and pond growout were
separate operations, owned and operated by separate businesspersons. It appeared even the
maturation and spawning operation was generally separate from the larviculture operation; the latter
normally reared the larvae to PL5 before they were sold to a nursery.

All of the farmers used a single-phased growout system once they had stocked the ponds with
PL. Thatis, the shrimp were grown to market size in the pond that they were originally stocked in,
without transfer to other ponds. This system was apparently used due to: the small farm sizes, which
would make multiphasic growout difficult; a desire to reduce handling stress which would be
associated with any transfer; and the relatively short growout time when using nursed PL.

Stocking densities ranged from 20 to 60 PL/my’, with an average of 34 PL/m? (Table 3), The
two farmers who used the highest stocking density had younger PL, but there is no clear trend in the
data between stocking density and PL age.

Growing Season and Crops per Year

The growing season ranged from 8 to 12 months per year, with an average of 9.3 months
(Table 3). Most farmers drained their ponds during the winter months (December through February)
and left themdry, Those farmers who grew shrimp year round said they had warmer water conditions
due 1o their geographical location. In Hawaii, ponds sheltered from the winds are typically 2° 10 3°C
warmer than windy ponds, so geographical location can make adifference. The amountof well water
pumped daily into the ponds can also make a large difference. According to Hirasawa (1985), this
is perhaps the main reason for extended shrimp growing seasons in Taiwan, Whatever the reason,
the consensus among the farmers was that it should take about 3 to 4 months to bring a crop to market
during the summer and 4 to 6 months during the winter,

Most farmers reported they got two crops/pond/year, while a few claimed between two and
three crops/pond/year (Appendix A). Two crops is most realistic with an 8- to 9-month growing
SEason.

Some farmers who raised shrimp year round said they sold their summer crop for exportio
Japan, while the winter crop was for local domestic consumption. One farm raised milkfish for sale
to tuna fishermen during the off-season.

Harvest Size and Price

The average size at harvest ranged from 29 10 36 g per whole shrimp, with an average size
of 31.5 g (Table 3).
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The average price pond side, paid (o the farmer for whole-bodied shrimp was about $6.25/
kg (52.84/1b) but ranged from $5.75 to $6.88 /kg (32.61 10 $3.13/1b) depending on size, season, and
other market factors (Appendix A). All farmers sold directly to wholesalers.

Crop Yields

Reported crop yields per year ranged from 4,800 10 20,600 kg/ha (Table 3). When stocking
rates, survival, and size at harvest are compared with yield data provided by the farmers, only five
of the 11 farms provided information that had no discrepancies. Of the five consistent data sets, the
annual yields ranged from 10,000 to 20,600 kg/ha (9,167 to 18,883 Ib/acre). Yield estimates from
the three best farms which had consistent data averaged 16,867 kg/ha/vear (15,461 Ib/acre/year).

Survival rate from PL stocked to harvest ranged from 60% to more than 90% based on the
farmers’ estimates. Based on stocking rates and harvest data, average survival is calculated to be in
the 70% to 80% range. Perhaps 75% is a good estimate on the average.

If yield estimates are constructed from an “average,” well-run farm, there would be: stocking
densities of 34 PL24/m%crop; survival of 75% 1o harvest; and average size per shrimp of 31.5 g.
These values yield standing crops of 803 g/m?, or 8,030 kg/ha/crop. With two crops per year, the
annual yield is 16,060 kg/ha (14,722 Ib/acre/year). It is believed that this yield value is a realistic
expectation for a moderately well-run, intensive tiger prawn farm of the size and type surveyed.

It should be mentioned that the production figures shown in Table 3 were for the previous
year’s production. In some cases, there were fewer ponds in production at some of the farms than
during the survey, or for some reason, the ponds were not in full production. This causes some
discrepancies between stocking, survival, and yield values.

Often farmers undoubtedly gave us “best case™ values or values based on what they thought
they should produce,

Feed and Feed Conversions

Al farmers fed their shrimp a high-quality, formulated feed. In addition to formulated feeds,
some of the farmers also used trash fish, but this was not common. Trash fish presented a handling
and storage problems, as well as a potential water quality problem, Most farmers used formulated
feeds only.

There are more than 30 feed companies in Taiwan (Chiang and Liao 1985), with strong
competition for sales. The feed suppliers deliver to the farr_n as part of the sales price. Formulated
feeds cost about $0.88/kg ($0.40/1b) delivered to the farm in bags.

Feed conversion (kg feed applicd/kg shrimp harvested) estimatesranged from 1.4 10 1.9, with
an average of 1.7 (Table 3).
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Although there are feeding rate formulas that are a function of shrimp size and pond biomass,
these serve only as guides. In practice, feeding is adjusted daily by observing feed consumption in
feed nets or trays (Figure 12). Feed is applied to the pond, while a measured quantity is placed in the
feed net. Perhaps an hour or less later, the feed net is retrieved and the amount of feed consumption
observed. If all feed is consumed, the feeding rate may be increased. If feed remains in the net, the
feeding rate isreduced. This system s based on feed demand, which is related to both shrimp biomass
and shrimp appetite, as affected by such things as water temperature and quality,

Figure 12. Feed net used to measure feed consiumption rate of prawns.

Harvests

Most farmers do not harvest by themselves. Instead, they decide on a harvest date, based
primarily on the size and condition of the shrimp. Once a harvest date is set, the farmer will call
several wholesalers to obtain the best price. Once the price is settled, the farmer contracts with a
wholesaler 1o buy the crop. The wholesaler then contacts the harvesters, who act as independent
operators. The harvesters, with their own harvest nets, will arrive at the farm on the harvest date.
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One harvest cbserved was of 1 1 ha pond. There were six harvesters, each with an electric
harvest net. The net was constructed like a beam trawi, with a mouth width of about 3.5 m (11.5 ft).
The harvesters pulled the net about the pond by means of a body hamess and tether (Figures 13 and
14), They usually worked in a group of two or three and walked abreast in a broad circle around the
pond (Figure 15). The net had a bare copper wite along the foot, attached 1o a 6-volt battery which
the harvesters pushed on a styrofoam float (Figure 13). The electric current was pulsed through the
copper wire by a “vibrator,” which was kept in the battery box. After the net harvesters completely
circled the pond, they arrived back at the edge of the pond near the wholesalers truck and scale. The
“beamns” of the net mouth were placed above water on a bent iron stake which had been driven into
the bottom (Figure 16). This kept the mouth of the net above water, so that the shrimp could not
escape. The shrimp were then worked back into the bag endof the net, which was placedinto aharvest
basket. The bag end was untied, and shrimp were put into the basket. The basket, which had a neton
top to prevent the shrimp from jumping out, was then passed to shore where the shrimp were sorted
toremove debris, damaged shrimp, and diseased shrimp (Figures 17, 18, and 19). A fiberglass sorting
bin with holes in the bottom was used to sort the shrimp. They were put back into the harvest basket
and weighed, with the weight checked by the farmer or his employee. The basket was then passed
to the wholesalers truck where the shrimp were iced down for transit to a processing plant (Figures
20 and 21).

Before the net harvest began, the pond water level was lowered by 1/2. Following the net
harvest, the level was raised to the full depth again for 1 week, at which time the entire pond was
drained and shrimp collected with the effluent water. The reason given for refilling and waiting
lweek was that the draw-down and net harvest stress the shrimp and cause them to molt. If they were
todo adrain harvest immediately following the net harvest, there would be a high percentage of soft-
shelled shrimp, which bring alower price than hard-shelled ones. Accarding to the farmer, about 90%
of the shrimp are harvested by net harvest, while the remaining 10% is harvested a week later during
the drain.

Thenet harvesters are paid by the amount of shrimp each catches. The price is $0.042/kg (51
(N.T.)/Taiwan kg).

Problems

Most farmers indicated they did not have any major problems. They were all making money.
If they would indicate problems at all, it was with water quality and disease. Most farmers were not
very specific about water quality problems they had, although two mentioned salinity control and
high summner water temperatures. The salinity control problem was due to the farm location (farm
8, Appendix A). The main disease problem appeared to be related to a red coloration of shrimp. The
cause of this is apparently unknown, although it is thought to be disease related.

Sinking land due to groundwater overdraft and typhoons were also mentioned bv some
farmers as probiems.
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Frowre 13 flarvester towing an clectriv hanest wet, The buttery and vibraior are pushed ahead of
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Fignre 74 Hurvesier pulling electric harvestnet berveena 2-0p paddlowheel aerator and the shire
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Figure 15, Four harvesters padling their electric harvest nets aronnd a pond during harvest.



Figure 16. Electric harvest net propped upon ametal support pipe nearthe w eightng station. Shrimp
are removed through the bag end of the netinto harvesr baskets.
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Figure 7. A hurvesr husker
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Figure 18, Shrimp heing placed from harvest basket into sorting container The fiberglass container
has a perforated botiem for veaier drainage and a “spout”™ throwgh which the shrimp are
puished as they are inspected and pur back inio the harvest basket.



Figure 19 Penaeus monodon being sorted to remove debris, damaged shrimp, and diseased shrimp

before weighing. Sorted shrimp are pushed into harvest basker as they are inspecied.
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Figure 20. Shrimp in harvest basket being weighed after being sorted.
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Figure 2]. Shrimp are loaded into plastic containers and iced for shipment 1o the processing plant
dfter weighing.
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Labor
Most farms are run by family members. When they exceed a certain size, or need extra help,

such as bottom cleaning between crops, they hire on 4 perday basis. Manual Iabor costs were about
512,50 to $15.00/day/person and paid on a cash basis,

ECONOMIC ANALYSIS

The following questions will be addressed in this section:

L. How are the Taiwan shomp farms doing financially?

2, Would it be economically feasible for Hawaii shnmp farmers to adoept Taiwan
technology?

3 What production areas need improvement in Hawaii to make intensive shrimp

farming there more profitable?

In order to answer these questions, costs of production, both in Taiwan and Hawaii were
estimated based on the survey and literature.

Construction Costs

Based on a study by Chiang and Liao (1985), the cost of concrete-walled pond construction
in Taiwan is estimated at $44,100/ha. In Hawaii, construction costs were estimated separately for
earthen and concrete ponds, both with 4-ha water surface area and built in Taiwan style. The earthen
pond farm consisted of eight square ponds, each 1/2-ha water surface area and 2 m deep. The farm
with concrete walls consisted of 16 square ponds, each 1/4-ha water surface area and 2 m deep. The
pond layout and cost calculations are shown in Appendixes B and D. The costs of construction for
both type of ponds in Hawaii are summarized in Table 4.

Operating Costs

Annual operating costs per ha in Taiwan and Hawaii are detailed in Table 5. Annual
production costs in Taiwan refer to concrete pond operation, while in Hawaii, it is divided into
earthen and concrete pond operation. Two crops per year was assumed in Taiwan and 2.5 Crops in
Hawaii.

Seed

Postlarvae, the mostimportant cost item both in Taiwan and Hawaii, ranged from 23% 10 35%
of the total operating cost. A stocking rate of 34 PL/m? and asurvival rate of 75% were assumed. Cost
of seed used in the calculation was $40/1,000 PL for PL 20 days old or older.
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TABLE 4. ESTIMATED INITIAL CAPITAL INVESTMENT FOR A 4-HA (WATER
SURFACE AREA)EARTHEN AND CONCRETE POND FARMIN HAWAII

Earthen Pond Farm Concrete Pond Farm

(%) &3]
Construction Costs
Permit” 30,000 30,000
Excavation 121,470 6,300
Concrete Work 558,600
Electrical Installation 18,000 25,200
Pipes
Supply/Discharge 54,800 —
Plumbing — 73,500
Design {5%) 11,435 36,268
House 60,000 60,000
Storage/Office 8,000 8,000
well! 30,000 30,000
Miscellaneous (Road/Fence) 10,000 10,000
Subtotal 343,705 837,868
Equipment Costs
Pumps 15,000 15,000
Aerators 14,400 14,400
Subtotal 29,400 29,400

TOTAL COST 373,105 867,268

*W. A. Brewer, William A, Brewer & Associates, 1987: pers. com.
fAssume the equivalent of four 10-hp wells, 25 feet deep and costs per foot figures from
Shang (1981)
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TABLE 5. ESTIMATED ANNUAL OPERATING COST PER HA POND ON A 4-HA
(WATER SURFACE AREA) FARM

Taiwan (2 crops/year) B Hawaii (2.5 crops/year)

Concrete Pond Earthen Pond Concrete Pond

%) (%) (3 (%) (%) (%)
Seed’ 27,200 35 34,000 26 34,000 23
Feed! 22,400 29 28,050 22 28,050 19
Labor” 5,000 7 18,213 14 18,213 12
Harvests 630
Electricity* 5,194 7 15,538 12 15,538 10
Chemicals 1,600 2 2,000 2 2,000 1
Land Lease® 4,000 5 7,178 6 5,127 3
Interest™ 5,292 7 11,493 9 26,468 18
Depreciationt! 2,205 3 5,946 5 11,998 8
Sales Tax™ 586 586
Miscellaneous¥ 3,676 5 6,075 5 7.108 5

TOTAL 77,197 129,079 149,088

*For Taiwan: 10,000 m? x 34 PL/m? x $40 per 1,000 PL x 2 crops/year.

*Production of 15,000 kg of shrimp/year x 1.7 {feed conversion rate x $0.88/kg of feed.
"For Taiwan, survey data: for Hawaii: 1 manager and 2 laborers plus 3 additional laborers for
harvest. Salary for manager was assumed $25,000/year plus 25% fringe benefits, and for
laborer $16,000/year plus 15% fringe benefits. Wage rate for hired laborer was $5/hour.
tCost $0.042 per kg.

*For Taiwan, survey data; for Hawaii see Appendix C.

®For Taiwan Calculated by using the opportunity cost of land value of $79,000/ha. For
Hawaii: Calculated at 3.5% of gross farm income. A 4-ha earthen pond farm needs 7 ha of
land, and a 4-ha of concrete pond farm needs 5 ha of land.

“*Calculated at 12% interest rate of capital investment.

120-year life for facilities; 4-year for aerators; 6-year for pumps.

*0.5% gross income tax for farm sales.

#5% of operating cost.

#1985 exchange rate: $1.00 = $40 (N.T.)

Feed
Feed, the second most important cost jtern in Taiwan and Hawaii, ranged from 19% 10 29%

of the total operating cost. A feed coaversion ratio of 1.7:1 and feed cost of $0.88/kg were used in
the calculations.
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Labor

Labor cost in Hawaii includes wages for one manager, two fulltime laborers, and three short-
term laborers for harvesting. In Taiwan, harvesting is done by a specialized firm charging $0.042 per
kg of shrimp harvested.

Electricity

Electricity costs mainly include costs for pumping and aerating (see Appendix C fordetailed
calculations).

Chemicals

Costs include chemical for pond sterilization, fertilization, and corative medicines,
Land Lease

Land lease in Taiwan was calculated by using the opportunity cost of land value of $79,200/
ha.InHawalii, itiscalculated a13.5% of the gross farmincome. Fora 4-ha (water surface arca)earthen
pond farm, atotal of 7 ha of land is needed, while a total of 5 ha of land is needed for the same farm
size with concrete ponds.
Interest

A 12% interest rate on initial capital investment was used in the calculation. In Taiwan,
capital investment was estimated at about $44,100/h a, while in Hawaii, itamounted to about $95,776
and $216,817 per 1 ha pond, respectively, for earthen and concrete ponds,

Depreciation

A useful life of 20 years was assumed for ponds and other facilities and 6 vears and 4 years,
respectively, for pumps and aerators.

Summary of Analysis

An average yield of 7,500 kg/ha/crop and a farm price of $6.25/kg were assumed in Hawaii
and Taiwan. The gross revenue and profit per ha are estimated as:
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Hawaii

Taiwan Earthen Ponds Concrete Ponds
Production/ha/year 15,000 kg 18,750 kg 18,750 kg
Farm price/kg $6.25 $6.25 $6.25
Gross Revenue $93,750 $117,188 $117,188
Cost of Production $77,197 $129,079 $149 088
Profit/ha/year $16,553 (-$11,891) (-$31,900)

The results of the above calculations indicate shrimp farmers in Taiwan are doing well
financially, on the average, with about $16,500 annual profit per ha. The adoption of Taiwan
iniensive operations in Hawaii does not appear to be profitable unless the production level can be
increased and/or production costs can be reduced. Increase in yield can be achieved by increasing
the number of crops per year and/or by increasing the survival rate. Yield and profit per ha can also
be increased by an increase in survival rate, provided there are no significant increases in costs.

By comparing the costs of production between Taiwan and Hawaii, it is apparent that costs
of labor and electricity in Hawaii are about three times higher than those in Taiwan. Interest and
depreciation also cost two to five times more in Hawaii (depending on type of pond) mainly because
of higher construction costs. Efforts in reducing these costs are necessary.

In Hawaii, the costs of construction of concrete ponds are more than double that of earthen
ponds. The concrete pond operation is unlikely to bejustified economically in Hawaii unless the high
construction cost can be offset by other costs and higher yield.

DISCUSSIONS AND CONCLUSIONS

The intensive shrimp culure industry in Taiwan is characterized by small farm size (3.9 ha
[9.4 acres]) and family-run operations. Hatcheries, farms, feed companies, harvesters, wholesalers,
processors, and equipment suppliers are typically separate business operations, without vertical
integration.

In the United States, agricultural farms tend to be large, corporate operations with a high
degree of vertical integration of production and marketing components. Although the U.S. shrimp
farming industry has not evolved sufficiently to characterize its form, most likely the tendency will
be for large, corporate operations with vertical integration. Shrimp farms in Ecuador are mostly of

this type.

Intensive culture of tiger prawns in Taiwan is clearly profitable. This was obvious from
discussions with farmers, from the impressive growth of the industry, and from the economic
analysis. Even small farmers are making a good living growing prawns in Taiwan.
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By comparison, the simulated transfer of the Taiwan shrimp culture technology to Hawaii
yields unprofitable projections. The main reasons for the negative profit in Hawaii are the high costs
of labor, electricity, and construction in Hawaii and the United States in general. In Hawaii, ona per
hectare basis, labor costs $18,213/vear, or 12% of annual operating costs (Table 5, Figure 22). Labor
in Taiwan is only $5,000/ha/year. Similarly, electricity costs $1 5,538/ha/year in Hawaii, compared
with only $5,194/hafyear in Taiwan. Interest and depreciation on capital investments total $38,466/
ha/year and $17.439/ha/year for concrete and earthen ponds in Hawaii, compared with $7,497/ha/
year for concrete ponds in Taiwan. The high construction costs in Hawaii reflect indirectly the very
high labor and “'contractual” costs in the United States and the added cost of permits in Hawaii. There
are no permit costs in Taiwan,

Production cost for earthen ponds in Taiwan was not estimated because of inadequate data
but from observations, earthen ponds are more profitable than concrete ponds in locations where
earthen ponds can be built.

If shrimp cultured in the United States is ever to be cost competitive with shrimp cultured in
such places as Taiwan, the United States must reduce labor, energy, and farm construction costs.
These reductions, perhaps coupled with large, corporate shrimp farm size and vertical integration,
could make U.S.~cultured shrimp competitive on the world market. The key is to develop appropriate
technology in the United States which will reduce lubor and encrgy consumption, while keeping risk
of crop loss low.

At 1985 labor and energy unit cost differentials between the United States and Taiwan, total
labor and energy costs of shrimp production in the United States needed to be reduced by 72.5% and
66.6% respectively in order to bring them in line with Taiwan conditions. These reductions in U.S.~
operating costs alone would make shrimp farming in the United States profitable. Further profits
would be realizediflabor, permitting, and other costs to construct a shrimp farm in the United States
could be reduced. It will be much more difficult to reduce the latter costs than the operating costs
because the latter costs (especially construction labor) are more intrinsically bound by social
conditions in the United States.

Steps can be taken in the United States to reduce both labor and energy consurnption of
Taiwan intensive shrimp farms. Cost reducers include:

1. Design of farms and equipment that minimize labor 1o feed, harvest, and maintain
facilities. Automated or semiautomated feeding systems could greatly reduce the
feed-labor component. Harvest labor requirements could be reduced through the
development of drain harvest techniques in which the shrimp “run’ with the water and
areremoved from the drain water through the use of live fish pumps and sorting tanks.
Some shrimp, such as tiger prawns, tend under certain conditions to burrow in the
mud rather than run with the drain. A better understanding of this behavior, as related
to the time of drain, drain outlet desi gn, draining rate, and/or some other condition
could ead to all of the shrimp running with the drain water. This understanding alone
will greatly reduce harvest-labor needs and, coupled with improved sorting and
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cleaning such as with live fish pumps and hive tanks, will furtherreduce harvest-labor
costs while maintaining a premium product.

Another aspect of farm design which affects labor and perhaps energy consumption
is farm size. Should the farm be designed for a single family, or for larger corporate
operation? If the former, should they be clustered into cooperatives in order to realize

€conormics of scale, while realizing economics of efficiencies associated with smaller
farms?

Maintenance of farm equipment and premises (e.g., grass cutting) can consume large
amounts of labor. Steps need to be develop to minimize these labor consumers.

2. Develop a berter understanding of pond dynamics processes and quantification of the
need for water exchange. The following relationships need to be better understood:
(1} shrimp survival and growth; (2) algal species composition, algal densities, and
algal photosynthesis and respiration; (3) the accumulation of metabolites and other
substances in the water which affect shrimp; (4) sediment deposits and bottom soil
conditions; and (5) water temperature and salinity, A better understandin g of these
relationships should lead to the development of pond management practices which

maximize shrimp yield, while reducing labor and energy costs through reduced needs
tor aeration and water exchange.

Whether or not a thorough understanding of these pond dynamics processes is
achieved, the need for water exchange must be better quantified. Water exchange
accounts for more than 60% of the energy costs, while aeration accounts for most of
the remaining energy costs (Appendix C). Currendly, pumping schedules are highly
subjective. While there is not a good understanding of the parameters involved, it is
known that water exchange, especially during periods of high shrimp standing crop
and high feed applications, is essential for the maintenance of suitable water quality
and shrimp yield. It may be possible to develop criteria for water exchange which
achieve the desired results, while greatly reducing water exchange and energy
consumption. This may also reduce the need for aeration as well, thus resulting in
additional energy savings.

3, Apply microcomputer technology to standard pond management operations such as
water guality monitoring, feeding, acration/circulation operation decisions, and
water exchange decisions. All but the last item have been quantified or sufﬁciently
understood so tharmicrocomputers can be used for (hese purposes. Such applications,
perhaps more than any other activity, should result in the necessary labor and energy
savings needed to make U.S.-cultured shrimp competitive on the world market.

All of the above items, if successful, will reduce labor and Chergy requirements to grow
shrimpin the United States. These are, however, notthe only items which need attention. The analysis
of operating costs indicate seed and feed costs account for about 50% of the total operating costs
(Table 5; Figure 22).
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Although seed production is no longer considered a technical constraint for shrimp culture,
itis a major operating cost. Seed costs of $30/1,000 for PL20 or older account for 35% and 27% of
operating costs in Taiwan and Hawaii respectively. These costs are high compared with other
countries of Southeast Asia, where prices for comparable PL are less than half this amount. In the
United States, there may also be high costs for this sized PL due to the anticipated need for closed
cycle seed production. Seed production costs need to be reduced in the United States.

Shrimp feed costs of $0.88/kg ($0.40/1b) account for 29% and 22% of projected operating
costs of tiger prawns in Taiwan and the United States respectively. Compared with U.S. feed costs
for other species such as rainbow trout (Salmo gairdneri) and channel catfish (fctalurus puncratus),
in which nutritional needs are better defined, shrimp feed costs are excessively high. Good quality
trout and catfish feeds are now produced in the United States at retail prices of about $0.22 and $0.18/
Ib respectively, with feed conversions in the range of 1.1to 1.5. Perhaps a better understanding of
shrimp nutritional needs and alternative feed substances will reduce shrimp feed costs as well.

There are many other items which could affect shrimp culture profitability. A thorough
discussion of all of these is beyond the scope of this study. It is believed, however, that this study
identifies the major items now causing U.S.-cultured shrimp to be economically uncompetitive with
shrimp cultured elsewhere. It is hoped research and development efforts on these priority items will
resolve these impediments and thus place U.S.-grown shrimp on a competitive basis in the world
market.
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APPENDIXES



Apypendix A. Summary of Taiwan Farm Survey Data Sheets
These data sheets are summaries of the survey farms and not copies of the original forms. A

total of 11 farmers were interviewed during the survey from September 16 to September 21, 1985.
Farms are listed by number to protect individual identities.
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FARM SURVEY SUMMARY SHEET

Farn No. 1 fate Interviewed _5/1a/R5

Wumher of years axperience by managar b

Numbar of years farm usad to raise shrimp 6

Company cperated b4 Family coperated

Nupber and size of ponds:_eleven 1,000 m? ponds [33x33 m) = 1.) na

(like San Magual in Philipoines).

Watar Dapth 1.5 - 2.0

Drain: Cantar _X Sida cornar

Dika: Cancrate X Earthan

Bottom: sarth and imported sand

Watar Supply: FW - 10 hp: SW - 3 three, 10 hp

Total FP:__ 20 hp

haration: 2 paddlewhsela par pond

Total HP:__22

Water Salinity: Aver. 1A-19 (Range 15-20)

Use D.0. metar for oxygen DeASUramant: Yes X o

Cost for slectricity:

Amration Schedula: Shrimp> 20 3 aeraCe concipuous,

S 20 q, osecate sach night from 1100 - 1200 hra to dawn.

stocking: Size PL 20-3Q Source Compercial nucserv
No./m? 30-40
Growout: Season 12 mo; tut grow slower in winfer

Avarage Crop time per cIop 4 o summec/ 6 IO winrec

Fagad: Cost Faead Convarsion

Chemicals: ten seed cakp, lipg
How is bottom treated: hose down: dry for 2 ueeks between crops: use

lime as needed {aqricultural lime}

Labor: 1 manager/worker who lives on-sife

Harvest Costs: 5. 042/ kg
Siza at harvest: Aver. 30 g (Range 2040}

Survival HRate: 7080y Prica: s6.259/kg

Total Production last Year: _ 7.2 tans hut not ail 11 ponds in production)

AveTrAga CYops par Year: 2 =1

Other costs: Land today $50,000 - S100,000/ha for hear

Proklems: disgase: waber guality

cComments: shrimp smaller than 29 g sell for $5.62/kg (or less): while

those larger sel) for 55.83/kg (or more); sells summer crop to Japan. and
winter crop locally: lamd coat closest to the ses is moat expensive at 5100, 000/ /ha.

further from the sea it is less expensivg; aisc less expensjve if the land
is ainking.
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FARM SURVEY SUMMARY SHEET
Farm No. 2z Data Interviewsd _o/17/8%
Number of years experience 5y Danager mors than &
Number of ysars f£arm used to raisa shrimp 6
Company operatad X Family oparatead _X_

——

Nuzber and slze of ponda: 5 ponda at 0.3 ha sach = 1.5 ha total

vatar Depth 1.5 - 2.0

Drain: Centar ___ sida _ Corner ____ X
Dike: Concrete _ X Earthen __

Battoa: 50il and imported Sand

Water Supply: W - none; SW - 4 puxps

Total HP: 25

Aeration: 2 asrators/pond

Total HP: 10
Water Salinity: 32 - 35 ppt
Use D.0. neter fOor oxygen nmasurement: Yes j.1-] X
Cost for electricity: 50,048 /Xw=hr: 53,000/4 mo. crop all ponds.
Aeration Schedule: Small shrimp — nighttime only: large shrimp -

24 hra/day.

Stocking: Size PL 12-25 Source Commmrcial nursary
Ho./m? 60
Growout: Ssason April — Decediber

Avarags Crop tima par crop

Faed: Cost Fasd Conversion

————

Cramicals:

How is bottom treated: _ pugp out black sedimear from ceorec: soil.
v 1 L

Labor: 1 peragn and wife

Harvest Costa: __ 50,042/xn harveated

Size at harvest: 8.5 g

Survival Rata: Pt Prica: 36. 2550

Total Produdtion last Yaar: 3),.000 kg

AvVerage crops par year: 2

Othar costs: Land today

]

Problems: _garer guality: Typhoon: High morrality when wrer Lemg 35—
~L.or more: 27-28° C. peat
Comments: _Aerators cost §275. each: popda would copt S125.000 Lo

—Rulld todav.
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FARM SURVEY SUMMARY SHEET
Farm No. a Data Interviawad _5/17/85
Nuxbar of years sxperience by mwanager _ 4 - 5
Humbar of yesars farm used to raise shrizp 1
Company operated —_— Family oparatad _ x
Fumber and size of ponds: 3 ponds; 0.25, 0.2%, 0.30 = 0.8 ha toral

Watar Dapth 1.5 m to start: inccesse ta 2.0 0

EECLESL RS
Drain: Cantar x Sida Corner
Dike: Concreta Earthen X
Bottom: S0il; no sand, clay seil

Watar Supply: W -~ none: SW - 2 walls with 1.5 HP mach: 20 T deep

Total HP: 7

Asraticn: Paddl ewhae | 2/ponds: alac ham air diffumer usaed during lst

Z eaky aftar stocked Total HP: [
Water Salinity: 35 ppr

Usea D.C. metaer for SXYJen measuremant: Yaa _— No X

Cost for slectricity: 250/ye. for and aecators. f
f

Aurzticn Schedule: Same a8 farm 2 excepe will run on cloudy day i

Ii] Ez.

Stocking: Size PL_30-35 Sourca _Compercial Rur sary

No./a? 20

Growout: Samean = Dec Jan ]

Avarage Crop tima Fer crep 4 mo,

Fasd: Cost 56,250, Feaad Convarsion 286
Chasicalsa: Lione

D —— iy B

How is bottom Creatad: pume out black yed i dry: 100 kg lime/G.1 ?
ha: also uses “enEymas” . :
Labor: 1 person {owner /oparstor who VA% 4 uater suppily enginesr by
CEaINLNgj .,

Harvest coscs:

Size at harvasc: 28 to 30 g
Survival Rata: Price: 6.25
Total Producticn last Yenur: 4.4 tona far 0.5 ha
AvVarsgs CIOpE Der year: i _Cropa i
Othier costws: lana today :
Froblems: T
_—
—_—

Cozmenty: Cost 51,500 U.5, toCAl to excavace 0.5 ha of HE=T 14

182 U.5. ep INT&IN {re—wxcavara] gdur; winter: were bwiig [

e

d i._fesd costs arw ahout N of product ien costs:

fevd cogty 28 30875 {30.40 Y.3./1b) dalivered ta tarm,
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FARM SURVEY SUMMARY SHEET
Farm No. 4 Date Intarviewed _5/17/85

Humber of years experience by manager 2

Bunmpar of yeara fars used to raise shrisp _ 6

Company cperatad Family cperatad _X

Number and size of ponda:_ 2; Q.2 hy each = 0.4 Lotal

Watar Dapth 1.5 m max
Drain: Cantar _¥ S5ide Carnar

—

Dike: Concrste _X Earthan

Bottom: Joil, clav & mud, covered w/sand and gravel
Water Supply: _ivoneat 7.5ho: S cos ar ] ho (Dizect incake frgm sea).
Total HP:__ (0.5

Aeration: __ paidlevhesls, 3/pond

Total HF: 6§

Water Salinity:s

Use D.O. matar for oxygan peasuremant: Yas Na X

Coat for slactricity: S0.09/ky -~ he; S1.250 U S./vr,

haration Schadule:

Stocking: Silia BLS Sourcea hatchery

No./m? 42.5/0°

Growout: Season Aoral/Nov, |apqrty Now/Mazch)
Avarage Crop time per orop 4 mo., (105-120 daysl

Faed: Coat Faesd Conversion 2.0

Charicals: lige
How is bottom treated: dried and limed

Labor: wife cperates farm, husband works for local jovernment

Harvegt Coata:

Siza at harvast: 33 3

Survival Rata: 1% Price: 55.75 - 54.8B/kg
Total Producticn last year: 7,980 kg

Avarage crops pPer year: 2

Other costs: Land today §5150,000 re $200.000/ha w/o construction

Prokblems: disease: water guality; ouddy bottom killed PL’a, so

impocted sand.
Copmants: _ Can pump water from pond through a charcoal filter and back

tg pond, o¢ to second pond; total incowe x $30.272/yr: This area ia sinking,

aiready nad to raise neight cf walls,
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FARM SURVEY SUMMARY SHEET
Farz Na. 5 Data Intarviewad 316788

Sumber of years experisncs by nanager 10

Hunber of years farm used to raiss shrimp g

Company operated x Fanily cperatad _x

Nunber and siZe Of ponds: 9 ponda; 0.5 to 1.0 ha: toral = 7.0 %a

{area cited might inciude dike areal

Water Dapth _ l.2 e

Drain: Centur Sida X Cornar
Dikm: Concrata Earthsn X
Aortonm: So0i}

Watar Supply: FW one well, 10 HP: Sw 4 motors 1D He

Tetal HP:_20

Aaration: Packllavhesls

Total HP:_ 14

Watar Salinjty:

Usa D.0. mater for oxygen naasurement: Yas No X

Cost for mlectricity: $0-054/Wwfhe. ; 55, 000/yr.

Aaration Schedula:

Stocking: Siza FL4S Source Commercial Nusery
No._/al 30-35 /0

Growout: Season  All yegr

Avarage Crop time par crop 4o0, summer: 6 oo, winter

Yaed: Cost Faad Convarsion

Chenicals:

How is bottom trwated:

Labor: 1 manage; 2 laborers @ $300/mo. each

HAxrvaat Coste:

Size at harvaest: 30-35 g

Survival Rate: Price: (3} $5.83/kq: (W

Total Producticn last Year:

Avarags crops per yaar:

Cthar costs: Land today

Problens: disadse: watsr quality
Comments : Coat 51,250 £ cavation i truct ion
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FARM SURVEY SDUMMARY SHEIET

Farm No. 6 Date Intarviewsd _ 9/13/85

Nunbar of years saxperience by nanagar 13

Numbar of ysars farm usaed to raiss shrimp _13

Company cparatad X Fanily operatsld X

Numbaer and size of ponds: 12 ; total = 3 .

watar Dupth lim

Drain: Cantar _ sida corner __X
Dikat Concretes _ X Earthan
Ppottam: Soil, mudsolay
Watar supply: - 1 . I § 5 hp

Total HP: &G

r—

Asration: 25 paddlewhasla; B8 2 ho, 17 @ 1 hg

Total HP: 35

Water Salinity:

Use D.0. metar for o¥ygen measurement: Yes No X

cost for slsctricity!

Aeration Schedule: - {oo - - ] .
g - 1204 .
srocking: 5lze PLES Saurce nursecy

No./m® __2/m® - 19../m°

Growout: Seaason

average Crop Lipe per crop

Faed: Cost §0.825/kg Feed Conhveraion 1.9

Chamicals:

How ia bottom treated:

Labor: 2 managerial ataff, o laocrecs

Harvast Costs:

size at harvest: 5.5 g

survival Rata: Prica: 56.05:Ka
Total Production last Yaar:

Avarage Crops Dper year: 2

Other costs: Land today _This farm had juat 30ld for $342,000 U5,

Problems: land sinking ot 20 oo/yr; also hayve ped colog shrimp

Comments: usas Lo _maasire watar i X

pH; oH 7.8 for days (-45; pH 9.0 for davg 45 oni land thac is nop ainking

_vill sel) for 5112,500/ha, Production Cagha: PL(12.58): Peed (5001

FL coat 541,25/1.000,
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FARM SURVEY SUMMARY SHEET

Farm Ho. 7 Date Interviewed _ 3/13/85
—_—

Humber of years axperience by manager

Humbar of vears farm used to raise shrimp 4 {30 yza cid)
Company cparatad Family cparated

Nunbter and size of pands:__ §; 3.5 ha total.

Watar Dapth

Drain: cCantar Side Cornar X
Dike: Concrate __x Earthaen bt

Bottom: _ Soil, natucal
Water Supply:

: - ]

-and fzom canal u/o pagiag Total HP:_ _n/a
Asration: Praillwuhpaly - 24

Total HP: 4f

Watar salinity:

Use D.0. metsr for OXygen meAsurement: Yas Ho X

Coat for slactriclty: S10, 000/,

Aaration Scheduia: Dapends on_westher. temperaturs, and looks of water.

Stocking: Siza PL 2025 Sourca Commercial nursecy

No. /‘nz dozwz

Growout: Ssason

Averags Crop tine Per crop

Faad: Coat Fawd Conversicn

Chemjicals: limg
How is bottom treated: Sun_dey than add 1ipe

Laber: Jmm_mmmmmm_
8 $13.75/day.

Harvest Costs:

5ize at harvest: 30-15 4

Survival Rate: 82 Price:

Total Producticn last Year: —~—3himp 7,560 kg, plus milkfish

AvVarags crops per year:

Other costs: Land today

Problems: % pegblems. ajwava make profic

Comaents: Ralsed onlv @ilicEiah uori] 4 ¥T8 ag0. now 2 croos ANr i
: R _ 11 gilkfi £ .
Sy es : y . . oy
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FARM SURVEY SUMMARY SEEET
Farm No. 5 Data Intarviewad _9/20/87
Hunber cof ymars sxperience by managar 5

Nunber of years farm usad to raise shrimp 3 1/2 shrisp

Conpany opearated X Faxily oparated _X

Hunber and size of ponds: 1] ponda, 4.5 ha total

Water Dapth 1.5 m

Prain: <Ceantar Sida X corner _X

Dikm: Concrete __ X Earthen
Bottom: ___Soil, narurgl
Water Supply:  giver; don't have ability to control salinity;

Swalla 8 7.0 hp Total HP: 37.5
Asration: __ 40 peddlewhesls, 14 3 ho

Total HP: 53

Water Salinity: when e Chere, 20 ppt at [i
Use D.C. meter for oxyygean Daasursment: Yes Ne %
Cost for slectricity: 510,000/,

heration Schedule:

stocking: Slze PL 20=28 Source _ Comuercial nucsspy

2 avows 20ea’

Growout: Ssasgon 12 mg

No./m

LAverags Crop time pear crep

Feed: COST Fead Convarsicn

Chemicals;

How is bottom trmatad: Conrracrual: 2 perpief) dayd 1,25 ha pond
g 331.26/person: pump st sediment; aundry; limg

Labor: 1 ey (Wife): 4 laborars 2

Harvest Coste:

Siza at harvast: 0 g

Survival Rate: Price:
Total Production last Year: 10 tona/ha
Averaga crops DEI YeAr: 2.5

Other costs: lLand today

Problems: Water auoply: can't sonfrol salinity, too low in rainy season;
—disgasze {red colog)
Conments: - ] £ C 'y £i 0.225 i
. , . ¥ i
. $10.00 ) ] ) . cained a ]
Ling .
During dry awarer floved upriver to the famm,
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FARM SURVEY SUMMARY SHEET
Fara No. 9 Date Interviewed _ 5/50/8%

Nurber of years sxparienca by Danagar 10

Hupber of yaars fara used te raise shrimp 40

Conpany oparatad Family oparated _ X

Number and size of ponds: 6: total 5.4 ha, largest pond i/2 ha.

Watear Dapth 2 0 by harveat time

Drain: Center Side Corner _ X _

Dike: Concrete _ X Earthen __

Bottom: Soil, mad, natural

Water Supply: PR - 2 wella, 12 hp: Sw = canal, gravity flow

Total HP: 12

Aaration: 12 oacdlevheels

Total HP:___32

Water Salinity:

Use D.0. zetar f£or oxygen measasurement: Yes X No

Cost for alectricity: £7.500/yc.

Aeration Schedule: Depends on wize, weather, ebcy byt uges 1
pacddl gwvhes] oer 33,000 shrimp

Stocking: Size pr, 20 Sourca
No./md 20/0°
Growout: Saason mid Febryary ~ NOvenber

Average Crop timae per crop

Fasd: CoBT 562,400/ vy . Fesd Converslion L4

Chemicals:

How is bottom trestad:

lLahor: Owneyr olus wife: plus hire ) part-time for 10 daya/mo § $12.50/Aav

Harvast Costs:

S5iza at barvest: 3335 a

Survival Rate: 0% Prica:
Total Producticn last Yaar: 3,000 ra/ha
Avarage CICRa PAT YVear: )

Other costs: Land today

Problems: no Ly

Conmants:
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FARM SURVEY SUMMARY SHEET
Farm Fo. 10 Dats Intarviewed _ £/21/85

Numbar of years axparianca by manager _ 24

Kumbar of ysars farm used to raise shrimp S0

Company operatsd _ Family operated ____

Nunber and size of ponds: 9 pancs; (.3 to 4.0 ha: 14 ha total. plums
4 nursary ponds 0.2 ha total

Water Dapth

Drain: Canter ___ Side _ X Cornar

Dika: Concrata _ X Zarthen X

Bottom: Soil; natural

Water Supply: AW | well 25 m deep; O hp; W 10 wella 8 30 por,
Al o dewo 40 ho Total BP: 50
Asration: 59 paddigwhesels

Total HP: 59

Hatar Salinity:

Use D.C¢. matar for cxygan measuremant: Yes HNe X

Cost fay elsctricity: 52,500,/ mer .

Aeration Scheduls:

Stocking: Size PL 30 Source
¥o./m? 25/0°

Growcut: Seascn Feb § - Nov 30
Avarage Crop tise per crop
Faad: Cost Fead Conversion _1.5/2.0

Chamicals:

Hew is bottom treated: 3un dry and ligpe

Labor: 2 familv pegbers. plus 2 part-time laborars & $15/3ay when hazvest

Harvasat Coets:

Size at harvast: 20.a

Survival Rate: iTe; Price:
Total Preduction last Year: 12.000 kgiyr
AVETage CIOps Dar YRar: 2

othar costs: Land today

Problems: _  pispase (ed solar)

Compents: Qidest farm in this ares:  used ro cai $ 1k igho

8 hg emargecncy gensrabor
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TARM SURVEY SUMMARY SHEET

Fara Ho 11 Date Intacviewed 3/21/B5
T ————————

Number of years sxparience by manager _13

Huaber of years Iarm used to raise shrimp 10

Company oparated Fapily operated _ X

Numiser and aize of ponda: 1.2 total; 6 _nurae nda
0.3 hg total

Wwater Depth 1.0 - 2.0 (@.5 w when first stocked)

brain: Center ___ sida _____ Corner X

Dika: Concreta __X% Earthan .
Bottom: Seil

Water Supply: M 4@ ihg: SWw4qddhe

Total HP:_ {4

Aeration: ¢ gaddlesbesls

Taotal HP:_ 1R

Watar Salinity: 0 - 30 pot

Usa D.0. Datar for oxygen Deasurement: Yes No X

cost for aiectricity:

Aeration Schadule:

Stocking: Size Source

NO./:Iz

Growgut: Season A aalyr

Avarage Crop tims per Crop

Fasd: Coat Fesd Convaersion _31.§ - 2.2
Chezicals:

How is bottom traated; Sun dry only

Lapor: Ounar plua vife

Earvast Costs:

Size at hRATVeBT: 25 to 35 g

Survival Rate: Price:

Total Froducticn last Year:

AVerage crops par Year: 2

Other costs: Land today

Prohlang: ey

Comments:
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Appendix B. Description of Reinforced Concrete Pond Walls in Taiwan

The intent of this appendix is to describe concrete pond walls observed at shrimp farms in
Taiwan and to make costestimates for construction of these walls in the United States. Of the 11 farms
visited, eight had concrete walls and three had soil banks. Of the eight with concrete walls, each was
slightly ortotally different from the others, reflecting the individuality of the designers and builders,
This description includes walls at five farms described in the survey summaries (Appendix A) and
one farm inspected during its construction.

Farm1

The newer concrete walls at farm 1 were 6 years old, and the ponds were more representa-
tive of the newer designs (Figures B-1 and B-2; fann 1, Appendix A). The walls rested on 7.6-cmn
pilings and had a footing below the pond bottom measuring 0.8 x 1.0 m. The wall was reinforced
internally with an iron reinforcing rod (re-bar) but did not have butiresses on the outside. The top had
a walkway measuring 50 to 80 cm. The wall was tapered from 20.3 cm thick near the base to 15.2
cm thick at the walkway.

Also, farm 1 had an earlier design which had a water canal on the top and buttresses on the
side of the walls (Figure B-3). Cross-sectional sketches of this design were not obtained.
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Figure B-1. Cross-section of reinforced concrete pond wall at farm 1.




Figure B-2. Concrete-walled ponds at farm 1, facing the ocean. The central drainage canal
separates the older ponds on the left from the newer ponds on the right. A seawaier
supply pipe is in the drainage canal, and a supply canal is on the top of older pond wall
(left).
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Figure B-3. Concrete-walled ponds at farm 1, away from the ocean. The central drainage canal
separates the older ponds onthe right from the newer ponds on the left. Seawatrer supply
pipes are inthe drain canal, and a waier supply canal is on top of the older pond walls.
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Farm 2

The concrete pond wallsatfarm 2 werebuttressed (Figures B-4 and B-5). The buttresses were
10 m apart on alterating sides of the wall and increased in width from the crown of the wall o 0.6
m at the base, 1 m below the pond bottom. The wall increased in thickness from 15.2 cm just below
the crown to 0.5 m at the base.
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NN
NN
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»

1.0

\
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- -
- -

N

Zn

o6 m

Figure B-4. Cross-section of reinforced concrete wall ar farm 2.
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Figure B-5. Concrete-walled ponds at farm 2. Two 1 hp paddiewheel aerators are seenresting on
the dried bortom.
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Farme

The concrete pond walls at farm 6 were similar to those at farm 1, except that the walls atfarm
6 did not have pilings, the walls were not as high, and the re-bar reinforcement in the walls were
“double layered” rather than “single layered” (Figures B-6 and B-7). The owner of farm 6 said the
builders could set up to 150 m of wall per day.

Figure B-6. Cross-section of reinforced concrete wall at farm 6.
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Figure B-7. Concrete-waliled ponds at farm 6. A drainage canal separates the ponds.
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Farm?9

The concrete walls at farm 6 had a variety of style, reflecting the 40-year age of the farm (farm
9, Appendix A). The walls on the newer ponds had bamboo pilings, 1.5 mlong. The pilings extended
into the footing, as well as into the underlying soil (Figures B-8 and B-9). The walls were 2 m high,
with a 0.7 x 1.0-m footing and 0.9-m wide walkway at the top. The walls also had buttresses that
extended from the walkway to the footing.

Another wall design at farm 9 contained a water distribution canal built into the top, along

with a walkway (Figure B-10). Pipes extending through the canal wall were capped with crimped,
slip-on cap pipes to control water flow into the pond.
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Figure B-8. Cross-section of reinforced pond wall at farm 9.
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Figure B-9. Concrete-walled ponds at farm 9.
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Figure B-10. Concrete wall at farm 9 with built-in water supply canal on top.
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Farm 10

The pond walls at farm 10 were some of the oldest observed during the survey. They
contained largc rocks, but no re-barand 3 water canal made of brick at the top of the wall (Figure B-
11). The walls extended 0.5 m below the pond bottornt and were 0.6 m wide at the bottom of the wall.
Some of the walls at this farm had a doubte water canal and buttre sses made of stone on the walls’
outer side (Figure B-12).

—e o— 0.3 m

___——— Brick Water Canal

4 15
Bottom
Large Rock " Bottom (Drainage Canal)
/105 m

——l = 06 m
Figure B-11. Cross-section of concrete walls at farm 10. Wall contains large rocks, but no iron
reinforcement. Water canal is on top of wail.
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Figure B-12. Concrete and brick pond wall at farm 10. A double water supply canal can be seen
atop this old style wall.
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Farm 11

The concrete walls at farm 11 were built on the sloped bank of the pond, witha 1.0 x 1.2-m
footing at the base of the wall (Figures B-13 and B-14). A vertical brick portion was at the top of the
sloped wall. This is the only wall of this design observed.

20 m

8 cm

Rebar Bottom

ooooo

10 m

Figure B-13. Cross-section of reinforced stoped concrete pond wall as farm 11.
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Figure B-14. Brick wall atfarm 11.The lower portion of the wall covers a sloped earthen dike and
is plastered with cement. The upper, vertical portion of the wall was added later when

the pond was deeperned.
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New Farm

A new farm under construction near the Tungkang Marine Laboratory was observed,
although the owners and builders were not interviewed. The farm contained six square ponds, each
measuring 45 m x 45 m (2,025 m? ). The walls were 2.5 m high from the top of the footing to the top
of the walkway (Figures B-15, B-16, and B-17). The footing measured 0.6 m x 0.6 m, and the
walkway was 1 m wide, The pattern of re-bar within the walls is unknown. The outer wall was
reinforced with buttresses 33 cm wide on 3.4-m intervals (Figure B-18). Water entered each pond
along the outer wall and flowed to the inner, cornmon wall where it was discharged into a covered

drainage canal (Figures B-19, B-20, and B-21).

l o 1.0 M —=

013 .-.—’/' ~—— o~~~

2l cm

TRRERR

29 m

33 cm

%_ Bottom

0.6 m

4

- 06 m -

Figure B-15. Cross-section of reinforced concrete pond wall at farm under construction near
Tungkang Marine Laboratory. The pattern of re-bar reinforcement is not known. The
walls are buntressed on the outside at 34 m intervals.
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Figure B-16. A concrete-walled pond under construction.

80



Figure B-17. A concrete-walled pond under construction.
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Figure B-18. QOuter walls of a concrete-
seen on the left,

walled pond under construction. Old earthen ponds canbe
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Figure B-19. Outlet pipes on a pond under construction near Tungkang.
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ainage canals berween bwo rows of newly con-

B-20. Concrete walkway and central dr

Figure
structed, concrete-walled ponds.

84




"0Z-§ 24181 tr umons KpMYIoM 3yl
SuLiof pund 21 Jo 8un1az ay 1 - spuod pajipm-a12.40103 mau O SMO4 0MI UIINIIG [DUDI dZDUIDIP [DAIUB)) [ Z-G 24mB81]

B5




Wall Costs in the U.S.

Based on the design information obtained during the survey and on cost-estimating proce-
dures described by Hornung (1986), the cost per linear meter to construct in the United States each
of the wall designs described was estimated. Costsrange from a Jow of $196/m for the design atfarm
6 to $475/m for the design at farm 11 (Table B-1). The average cost is $314/m. The new farmdesign
was below the average cost at $288/m. In all cases, the major cost is the concrete work.

TABLE B-1. COMPARISON OF INSTALLATION COSTS FOR TAIWAN FACILITIES
USING 1985 U.S. COSTS

Farm Excavation Concrete Brickwork Misc. Design Total
Costs’ Work' Costs” Costs? Costs* Costs

1 6 285 0 5 15 311

2 5 225 0 5 12 247
6 3 179 0 5 9 196
9 5 334 0 5 17 361
10 3 215 27 5 16 326
11 8 412 27 5 23 475
New 3 266 0 5 14 288

Source: Hornung 1986
Note: All costs listed are in U.S. dollars per lineal meter,

*Bulldozer, operator, rental, and labor (34/m*)

*Forms, reinforeing, hoist equipment, concrete materials, and labor ($230/m”)
*Bricks, mortar, labor, and overhead ($45.3/m?%)

¥Other materials (pipe, bamboo, ¢ic.) and unforeseen costs ($53/meter)

159, of estimated installation costs

The comstruction costs for each wall design in Taiwan are not known, aithough they
apparently are much less than the estimates for construction in the United States. Labor, materials,
and energy costs in Taiwan are substantially less than in the United States, which should result in
much lower construction costs in Taiwan.
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Appendix C. Operational Schedule and Costs for Aeration and
Water Pumping in Taiwan

Aeration

Sizing. For the farms surveyed, the average aerator horsepower ranged from 2.6 10 20.0 hp/
ha, with an average of 10.0. For the economic analysis, 12 hp/ha was used. In a 1/4-ha concrete pond,
this would mean one 1 hp aerator and one 2-hp acrator were assumed. In a 1/2-ha earthen pond, twice
as many aerators of the same sizes were assumed. With quantity imports to the United States during
1985, purchase costs of $400 for 1 hp units and $500 for 2-hp units were assumed. A 4-year life
expectancy, with $75/year/unit maintenance cost to replace motors, impellers, gear boxes, etc., was
also assumed.

Operating schedule. A 105-day (3.5-month) growout period, with the growout divided into
three 35-day periods with respect to aerator operation and water exchange rates, was assumed. For
aeration, the following schedule was assumed:

Percent of Total

Tm{’g:: ‘;’)‘Od Aeration Capacity Operated
3 per Pond During Period
1-35 10
36 — 70 40
71105 75

Operating energy and costs. A 1 hp electric motor will draw about 15 amps at 115 volts. This
is equivalent to 1,725 watts or 1.725 kw. For 24 hours of continucus operation, this motor will draw
41.4 kw-hour, In Hawaii and Taiwan with respective energy costs of $.11/kw-hour and $.048/kw-
hour, the daily operating costs for a 1-hp motor are $4.55 and $1.99 respectively.

The aerator energy consumption for each 35-day growout period in a 1/4-ha concrete pond
was calculated as follows:

{days) x (% operational capacity) x (hp per pond) x (kw-hour/hp/day)

(35 days} (10%) (3 hp} (41.4 kw-how/hp/day} 434.7 kw-hour

(35 days) (40%) (3 hp) (41.4 kw-hour/hp/day) 1,738.8 kw-hour
(35 days) (75%) (3 hp) (41.4 kw-hour/hp/day) = 3,260.2 kw-hour

Total Energy = 5,434 kw-hour
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The total energy consumpton per 1/4-ha pond per crop is 5,434 kw-hour. The energy

consumption fora 1/2-ha pond is double this value. For a 4-ha farm with two €rops and 2.5 crops per
year in Taiwan and Hawaii respectively, total yearly aeration energy consumption is:

The aeration costs per 1/4-ha pond per crop are:

The yearly aeration COSts per 4-ha farm are:

Water Pumping and Exchange

an average of 6.4. For the economic analysis, 10 hp/ha was used. For a 4-ha farm, four wells, with
two 10-bp freshwater pumps and two 10-hp seawater pumps, (40 hp total) were assumed. During
1985, costs of $3,800/pump set-up {exclusive of well costs) or$ 15,200 for a 4-ha farm were assumed.
A 6-year life of the pumps with no yearly maintenance COSIS was also assumed. J-

per day and per growout cycle. Although the pump size and number at the farms was documented
during the survey, pumped volumes or pumping schedules were not documented. All farmers
interviewed indicated they exchanged water based on “‘experience,” “as needed,” or to maintain
proper salinity and water quality.

day for the entire farm. A 4-ha farm, with a 2-m water depth, wiil contain about 80,000 m® of water
or 21.164 million gallons, With a water exchange rate of 10% perday, the total water flowrate would
be 1,470 gpm or 368 gpm per 10-hp pump. This is well within the likely pumping rate for a 10-hp

Taiwan
(16 ponds) (5,434 kw-hour/crop/pond) (2 crops/year)

Il

173,888 kw-hour

waill

(16 ponds) (5,434 kw-hour/crop/pond) (2.5 crops/year) 217,360 kw-hour

1wan
(5,434 kw-hour) ($.048/kw-hour)

$260.83

{awaii
(5,434 kw-hour) (3.1 /kw-hour) = $397.74

jwan

(173,888 kw-hour) ($.048/kw-hour) $8,346.62

Hawaii

(217,360 kw-hour) (5.1 1/kw-hour) = $23,909.60

Sizng. For the farms surveyed, the average water pump hp/ha ranged from 2.2 to 26.2, with

Central to the sizing question is the water exchange rate as a percentage of the pond volume

As a rule of thumb, intensive shrimp culture requires an average water exchange rate of 10%/
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pump, considering line losses and other inefficiencies. For the purposes of this analysis, a pumping
rate of 459 gpm for a 10-hp pump was assumed.

Operating Schedule
Assuming a 105-day growout period, with the growout divided into three 35-day periods and

a 10% overall water exchange rate for the growout, a water exchange rate schedule was assumed as
follows:

Time Period Percent Daily Water
(days) Exchange Rate
1-35 0

36 -70 10
71 -105 20

Based on total electrical costs fromthe survey, reported costs by Chiang and Liao (1985),and
expected water pumping rates for a 10-hp pumnp, it is believed that in practice less than 10% daily
water exchange is used in Taiwan. The total is probably closer to 8%, but this cannot be verified.

Operating Energy and Costs

A 1/4-ha concrete pond, 2 m deep, will contain 5,000 m* (1.323 million gallons) of water. A
10% average water exchange rate will require the equivalent of 91.9 gallons per minute (gpm) of
continuous pumping during the entire growout cycle. It was assumed thata 10-hp water pump would
produce 459 gpmor 45.9 gpm/hp. These values yield a horsepower requirement of 2 hpcontinuously
for a 1/4-ha growout pond.

A 2-hppump would draw 82.8 kw-hour per day (2 hp x 41.4 kw-hour/hp/day) of energy. For
the entire 105-day growout, this would amount to 8,694 kw-hour per crop per 1.4-ha pond.

Total yearly pumping energy consumption for a 4-ha farm, with two crops and 2.5 crops per
year In Tarwan and Hawaii respectively, is:

Taiwan

(16 ponds) (8,694 kw-hour/crop/pond) (2 crops/year) 278,208 kw-hour

wail
(16 ponds) (8,694 kw-hour/crop/pond) (2.5 crops/year) = 347,760 kw-hour
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The pumping costs per 1/4-ha pond per crop are:

Taiwan

(8,694 kw-hour) ($.048/kw-hour) $417.31

It

Hawail

(8,694 kw-hour) (3.11/kw-hour) $956.34

The yearly pumping costs per 4-ha farm are:

Taiwan

(278,208 kw-hour) ($0.48/kw-hour) $13,353.98

(347,760 kw-hour) ($.1 1/kw-hour) = $38.253.60

Pumping costs for a 4-ha earthen pond farm would be the same as for a 4-ha concrete pond.
Total Aeration and Pumping Costs Per Hectare Per Crop

Based on the calculations, total energy costs per ha per crop for aeration and pumping would

be:
Aeration Pumping Total
Taiwan $1,041 $1.669 $2,710
Hawaii $2,391 $3,825 $6,216

Chiang and Liao (1985) estimate average total electrical costs per ha for intensive shrimp
farms in Taiwan as $2,200.
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Appendix D. Pond Layout and Construction Estimates in Hawaii

Earthen Ponds

The layout for the earthen pong used in the economic analysis for a shrimp farm in Hawaii
includes adouble row of four, 1/2-ha, square ponds (Figure D-1). Total vvatersurface areais4 ha with
2 m maximum water depth and 0.3 m freeboard at maximum water ievel. The slope of the dikes is
2:1 with 3-m (10 ft) wide berms on the central dikes and 4.6-m (15 fr) wide berms on the outer dikes.
Total land area for the pond complex measures 315 mx 165 m or 5.2 ha. Embankment volume is
30,367 m’. At $4/m’, excavation cost is $121,470. Total land area is 7 ha, allowing space for house,
office, feed storage, equipment and shop building, wells, perimneter zone, fence, and roads.
Construction costs for these and other items for earthen ponds in Hawaii are shown in Table 4.
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Figure D-1. Layoutfor earthen pond option for Hawaitusedin I‘EconomeAﬂa!ysis” section of this
repori. A plan view and a side view are shown.
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Only $30,000 was estimated for wells for earthen ponds, as well as for concrete ponds. This
estimate could be low depending on the specific location, because 0.3-m diameter well costs in
Hawaii during 1981 were $3,772/m ($1,150/ft) (Shang 1981). Four 10-hp water pumps to meeta 4-
ha farm water needs was estimated. The objective isto achieve water salinities of 10 to 20 ppt through
either a single well within this range or through multiple wells where this salinity can be achieved
through blending of higher and lower salinity waters. A $30,000 budget item for wells therefore
provides only § m (26 ft) of 0.3-m diameter well footage.

$10,000 for farm permits was estimated. In Hawaii, 45 permits are currently required to build
an aquafarm in the coastal zone. Some of these permits require public hearings and perhaps
environmental reports. Permit acquisition currenily could range from $10,000 to $150,000 for a
given farm, exclusive of certain hearing and legal costs (W.A. Brewer, William A. Brewer &
Associates, 1987: pers. com.). For the purposes of this analysis, it was assumed the shrimp farming
industry has grown to a substantive size in Hawaii and has therefore established precedence and a
solid data base for permit acquisition. These developments should thercfore reduce permit acquisi-
tion costs below those experienced by the pioneer farms.

All Taiwan prawn farms have housing on-site, ranging from a simple room or shed to
elaborate dwellings. For the purpose of this study s projections, amodest house by Hawaii standards,
built 10 code and costing $30,000 for materials and $30,000 for labor, was assumed. This housing
would be provided for the farm manager as partial compensation. At the same time, the manager
would be on station continuously, thereby providing labor and management inputs over and above
those normally provided by other profession als.

For the earthen pond option, it was estimated that 627 m (2,056 ft) of 20.3-cm (8-inch)
effluent PVC pipe will be required. At $49.20/m (315/ft) installed, total cost for the drain (effluent)
plumbing will total $30,800. For the water supply plumbing (influent supply), atotal of 627 mof 7.6-
t0 10.2-cm (3- to 4-inch) pipe was estimated. At $26.24/m ($8/f1) installed, total cost for the water
supply pipe will be $16,500.

Concrete Ponds

The layout for the concrete-walled pond option used in the economic analysis for a shamp
farm in Hawaii includes a square matrix of 16 1/4-ha, square ponds (Figure D-2). Total water surface
area is 4 ha with a 2-m maximum water depth. The wall design and construction costs are given in
Appendix B for the new pond case. This design is very similar to that described by Liu and Mancebo
(1983) (Figure D-3).
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Figure D-2. Layout for concrete pond for Hawaii used in “Economic Analysis” section of this

report.
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Figure D-3. Concrete-walled pond design with center drains (Liu and Mancebo 1983).

Total land area for the farm in the Hawaii analysis is 5 « ha, allowing space for the same itemns
listed for the earthen pond case. Likewise, the same costs for permits, wells, pumps, €tc. as listed for

the earthen pond case were ass

Table 4,
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umed. Total cost estimates for the concrete pond case are detailed in




